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Aggregation of Platelets by Fusobacterium necrophorum
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Broth cultures and washed cells of 13 of 24 bovine isolates ofFusobacterium necrophorum aggregated human
platelets in platelet-rich plasma. The cell-free culture fluid was inactive. Bacteria stored at 4°C in saline
remained active for at least 3 months, but they did not release activity into the storage solution. Aggregation
typically began within 1 min after the addition of 103 bacteria to 103 platelets and was complete within 5.5 min.
Assays for cytosolic lactic dehydrogenase revealed that platelet lysis did not occur. The release of ['4C]serotonin
from platelets preincubated with this amine accompanied aggregation, indicating that this was a typical
aggregation-degranulation reaction. Platelet aggregation was inhibited by EDTA (88% at 2.0 mM), aspirin
(75% inhibition at 1.0 mM), and quinacrine (80% inhibition at 0.25 mM). Thus the reaction was an

ion-dependent, cyclooxygenase-sensitive event. Gel-filtered platelets were less sensitive to aggregation than
were platelets in plasma, but this sensitivity was fully restored by the addition of plasma and partially restored
with fibrinogen. Biotyping of the cultures revealed that none of the avirulent, B-type strains of F. necrophorum
could aggregate platelets, whereas 13 of 16 virulent A type strains were positive. These results suggest that
platelet aggregation by F. necrophorum is related to the virulence of this organism.

The ability of fusobacteria to form abscesses in deep-
seated organs and soft tissues is well established, but the
virulence factors used by these organisms in this process
remain virtually unknown (15). A galactose-sensitive
adhesin (25) of Fusobacterium nucleatum, a known associ-
ate of human periodontal disease, enables it to establish
intimate contact with oral epithelial cells (10) and with other
oral bacteria involved in gingivitis and dental plaque forma-
tion (8). Indeed, F. nucleatum has been described as coag-
gregating with a broader range of oral bacteria than do other
buccal inhabitants (P. E. Kolenbrander, R. N. Anderson,
and L. V. Holdeman, Abstr. Annu. Meet. Am. Soc.
Microbiol., 1985, B52, p. 26). This may permit a synergistic
relationship to develop with other anaerobes, notably
Bacteroides species and gram-positive cocci (14) that would
enhance the opportunity for disease. Although several hy-
drolytic enzymes are elaborated by Bacteroides species (39),
the fusobacteria are comparatively inert in this regard.
Activation of the alternate complement pathway by
fusobacterial lipopolysaccharide has been described as a
factor in inflammatory periodontal disease (27). The produc-
tion of large quantities of a low-molecular-weight leukotoxin
by virulent type A strains of Fusobacterium necrophorum,
in contrast to the low quantities produced by the avirulent B
strains is one of the few definitive descriptions of a virulence
factor in this genus (34). Our study reported here indicates
that platelet aggregation may also be a virulence property of
F. necrophorum.

Platelet aggregation has been suggested as a virulence
property of other microorganisms that cause throm-
bocytopenia, disseminated intravascular coagulation, fibrin
deposition, and other coagulative effects (33). The cell
membrane of the platelet is sensitive to many stimuli that
provoke aggregation and degranulation. The binding of im-
munoglobulin G to the platelet Fc receptor renders the
platelet susceptible to aggregation by strains of Staphylococ-
cus aureus that contain protein A in their cell wall (13). The
dependence of platelet aggregation by Streptococcus
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pyogenes on the presence of fibrinogen (20) and the evidence
that both streptococcal M and T proteins function as fi-
brinogen receptors (19, 35) on this organism are useful in
explaining the mechanism of the platelet reaction in this
instance. Activation of platelets by the yeast phase of
Histoplasma capsulatum requires fibrinogen and im-
munoglobulin G (7). The nonlytic activation of platelets by
Listeria monocytogenes requires an unidentified, heat-labile
serum factor that is not complement (6).
Due to the presence of receptors for complement compo-

nent C3b on platelets, agents that activate the complement
system, including microbial lipopolysaccharide (26), tuber-
culin (32), Aspergillus antigens (36), streptococcal teichoic
acid (2), peptidoglycan (12, 31), and Candida mannans (22,
37), all cause platelet aggregation which is often followed by
platelet lysis. A number of microbial enzymes, e.g., the
lecithinase of Clostridium perfringens (C. welchii), the alpha
toxin of Staphylococcus aureus, streptolysins S and O (3),
and pneumolysin (18), lyse platelets by dissolving their cell
membranes and thus forcing platelet degranulation and an
interruption of the blood clotting system.

MATERIALS AND METHODS

Bacterial cultures. All strains of F. necrophorum used in
this study were isolated from cattle and identified by the
standard microbiological procedures applied to gram-nega-
tive anaerobes. The biotypes of the cultures were determined
by the procedures of Fievez (9). Of the 24 strains, 16 were of
the virulent biotype A, 7 were of the avirulent biotype B, and
1 strain was of the mixed biotype AB. Four strains of
Bacteroides fragilis and one strain each of Bacteroides
melaninogenicus and Bacteroides thetaiotaomicron from the
culture collection of the Department of Veterinary Microbiol-
ogy, School of Veterinary Medicine, University of Missouri-
Columbia, were included. The organisms were grown for 24
h in broth incubated at 37°C in an anaerobic chamber. The
cells were collected by centrifugation, washed three times in
sterile saline, and suspended in saline. Nephelometric cali-
bration against viable cell counts was used to establish the
cell density.
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FIG. 1. Panels A and B display the platelet aggregation curves of whole cultures, washed bacterial cells, and the cell-free culture fluids
of F. necrophorum strains 5018 and 3080, respectively. The response to ADP represents a positive control. The negative control responses
to uninoculated culture media and saline are not presented since they were essentially superimposable on the cell-free culture fluid recordings.

Chemicals. [2-14C]serotonin (side chain 2-14C, 58
mCi/mmol) was purchased from Amersham Corp., Arlington
Heights, Ill., and stored as a 100 ,uM solution in 0.5 M NaCI.
All inhibitors and the reagents for the lactic acid dehydro-
genase assay were purchased from the Sigma Chemical Co.,
St. Louis, Mo.

Platelets. Human blood from donors not on medication of
any kind was the source of platelets. Nine volumes of blood
were drawn into one volume of 3.8% sodium citrate solution
in a plastic syringe. This mixture was transferred to plastic
tubes and centrifuged at 150 x g for 10 min, after which the
supernatant fluid was collected into plastic tubes and used as
platelet-rich plasma (PRP). PRP was held at room tempera-
ture and used within 4 h.

Gel-filtered platelets (GFP) were prepared by passing
2.0-ml portions of the PRP preparation through a Sepharose
2B column. The column consisted of a 10-ml plastic pipette
packed to a height of 20 cm. The gel-suspending and -eluting
fluid consisted of Tyrode solution supplemented with 200 ,ug
of apyrase per ml and containing 0.1% glucose and 0.35%
bovine serum albumin.

Platelet numbers were determined and adjusted to
300,000/ml by the addition of platelet-poor plasma consisting
of the supernatant fluid after centrifugation of PRP at 1,640
x g for 10 min (4, 5).

Platelet aggregation. A single-channel Chronolog ag-
gregometer (model 300-1; Chrono-log Corp., Havertown,
Pa.) attached to an Omniscribe recorder (model 5112-1;
Houston Instruments, Austin, Tex.) was used to measure
and record platelet aggregation (20). In each experiment,
platelet-poor plasma was used to adjust the instrument to
100% transmission to represent 100% aggregation. A mixture

of 450 ,ul of either PRP or GFP and 50 ,ul of the Sr" Tyrode
buffer (21) was used to represent 0% transmission (aggrega-
tion).

In the actual experiments, 450 ,ul of PRP or GFP was
added to the cuvette, which was placed in the aggregometer.
After the suspension had warmed, 50 ,ul of the bacterial
suspension was added, and the zero point was readjusted
due to the density of the bacterial suspension. Platelet
aggregation was followed for a minimum of 6 min. In a
companion experiment, an addition of 50 ,ul of ADP to
achieve a final concentration of 1.5 ,uM was used as a
positive control to ensure suitability of the platelet prepara-
tion.

In the inhibition experiments, aspirin, quinacrine,
dipyridamole, imipramine, or EDTA was preincubated with
the PRP for 10 min at room temperature before being
transferred to the 37°C environment in the aggregometer.
When this temperature was achieved, the bacteria were
added to initiate the experiment. Likewise, in the fibrinogen
experiment, the GFP and fibrinogen were mixed and
preincubated for 10 min at room temperature. Otherwise, the
experiment was conducted as with the inhibitors.

Serotonin and lactic acid dehydrogenase release. Platelet
aggregation and serotonin and lactic acid dehydrogenase
release were measured over the same time period from a
common platelet preparation. Platelets were labeled by
incubation of PRP with 1 ,tM[`4C]serotonin for 30 min at
room temperature before their use in the aggregation assay.
After a specified time of incubation in the aggregometer, a
450-,ul portion was removed and added to 75 pul of 933 mM
formaldehyde containing 50 mM EDTA in a 1.5-ml centri-
fuge tube held in ice. The tubes were centrifuged in a
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Beckman model B microfuge at approximately 12,000 x g
for 2 min. Duplicate 200-pul samples were removed and
added to 10 ml of Brays solution and subsequently analyzed
in a Packard 460 CD liquid scintillation counter. Total
radioactivity in the samples was determined from uncentri-
fuged controls. Release of radiolabeled serotonin was calcu-
lated from the formula: % release = S test - S control/T
control - S control x 100, where S equals the radioactivity
in the supernatant fluid and T equals the total radioactivity
measured as disintegrations per minute (17). By altering the
time allowed for aggregation and serotonin release by
0.5-min intervals, the comparative kinetics of these reactions
could be determined.

Lactic acid dehydrogenase released from platelets during
these experiments was determined by a standard method (2)
after an aggregation time of 6 min. A 10% solution of Triton
X-100 was used to lyse platelets to determine the total
amount of intracellular lactic acid dehydrogenase.

RESULTS
Broth cultures of 4 strains of B. fragilis, 1 of B.

thetaiotaomicron, 1 of B. melaninogenicus, and 24 of F.
necrophorum were tested for their ability to aggregate plate-
lets. Of the Bacteroides spp., only one culture of B. fragilis
was active, in contrast to the finding that 13 of the 24 cultures
of F. necrophorum aggregated platelets within 6 min. The
kinetics of aggregation by F. necrophorum strains 3080 and
5018 are recorded in Fig. 1, reflecting the general aggregating
ability of active strains of this species. Aggregation by the
whole broth culture normally began within 1 to 2 min.
Platelets mixed with washed bacterial cells began to ag-
gregate about 30 s earlier. Aggregation was essentially
complete within 2 min, although three less potent strains
required 5.5 min to reach maximum aggregation. A total of
11 cultures were inactive. Although ADP was able to initiate
platelet aggregation more quickly than bacteria, the bacteria
aggregated the cells to the same extent as ADP (ag-
gregometer readings between 1.5 and 3). Cell-free culture
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FIG. 2. This joint recording of platelet aggregation (A) and

serotonin release (-) induced by F. necrophorum 5071 reveals that
both functions were initiated and completed in approximately 2.5
min.

TABLE 1. Inhibitors of F. necrophorum 5071 platelet aggregation

Inhibitor Concn (mM) Time before aggregation % Aggregationonset (min) at 6 min

None 1.5 100
Aspirin 1.0 2.0 25
Aspirnn 2.5 2.5 12
Quinacrine 0.25 1.5 20
EDTA 2.0 2.5 12
Dipyridamole 0.5 2.0 30
Imipramine 0.01 2.5 25

media were unable to activate platelets, and when used
instead of saline for the suspension of washed bacteria, they
displayed no inhibitory property. Saline, uninoculated me-
dia, and cell-free growth media were all totally inactive.

Bacterial cells stored in sterile saline at 4°C retained their
activity for at least 3 months. At this time, no aggregating
property was present in the suspending fluid after removal of
the bacterial cells.
To determine whether platelet aggregation was ac-

companied by the typical platelet release action, the loss of
serotonin from serotonin-labeled platelets was measured.
The plotted data (Fig. 2) revealed that approximately 60% of
the original serotonin burden is released during platelet
aggregation. Serotonin release to the extent of about 10% of
the total is evident by 1 min, just before the sharp change in
the aggregation curve. At the time when aggregation is 50%
complete, serotonin discharge is approximately 85% com-
plete.

Quantitative determinations of lactic dehydrogenase in
PRP incubated with buffer, ADP, or an aggregating strain of
F. necrophorum were virtually identical at values of 210 to
215 enzyme units per ml. Triton X-100 lysis of platelets
released 1,500 to 1,800 U of lactic acid dehydrogenase
depending upon the experiment. These data indicate that
serotonin release is not the result of platelet dissolution.

Several known inhibitors of platelet aggregation were
examined for their influence on the fusobacterial aggregation
phenomenon (Table 1). Aspirin and quinacrine were selected
because they are known inhibitors of the cyclooxygenase
pathway of arachidonate metabolism (16, 29). At 6 min after
the addition of F. necrophorum to uninhibited platelets,
aggregation was always complete. Aspirin at 1.0 and 2.5 mM
retarded the onset of aggregation slightly but its inhibitory
effect was more clearly seen at 6 min when aggregation was
only 25 and 12% complete, respectively. Quinacrine at 0.25
mM had no effect on the time of aggregation onset, although
it was a distinct inhibitor of aggregation progress, permitting
only 20o of the expected response at 6 min. EDTA and
dipyrimadole, which may inhibit platelet aggregation by the
same mechanism, were markedly inhibitory at 2.0 and 0.5
mM, respectively. Imipramine at 0.01 mM was slightly
retardant and distinctly inhibitory.
GFP were not susceptible to aggregation by F. necro-

phorum in buffer (Fig. 3). Reconstitution with platelet-poor
plasma allowed normal aggregation to occur. Reconstitution
with fibrinogen also restored sensitivity to aggregation;
however, a distinct lag was observed, extending to the 3-min
mark, which was then followed by a rate of aggregation
slower than that exhibited by GFP reconstituted with plate-
let-poor plasma.
When fusobacterial aggregating activity and biotype were

compared, it was determined that none of the seven avirul-
ent B biotype strains aggregated platelets. Cells of the single
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FIG. 3. The aggregative response of GFP to F. necrophorum
3080 is minimal in the absence of any additive (*) but is normal upon
supplementation with platelet-poor plasma (M). The addition of
fibrinogen (A) resulted in a delayed response to fusobacterium-
induced aggregation.

mixed AB biotype tested were also inactive. Only strains of
the virulent A type were capable of destabilizing platelets, 13
of the 16 strains were positive, and three strains were
inactive within the time limit imposed.

DISCUSSION
The ability of the anaerobic F. necrophorum to effect

platelet aggregation under aerobic conditions and after aero-
bic storage for as long as 3 months indicated that bacterial
metabolism was not essential for this reaction. The failure of
cell-free culture media or saline used to store washed cells to
promote aggregation is evidence that an aggregating agent
was not released from the bacteria and incriminates platelet-
bacterial cell contact as an initial event leading to aggrega-
tion.

Platelet aggregation by F. necrophorum was similar to that
seen with Streptococcus pyogenes (20) in several regards.
Serotonin release paralleled aggregation without any delay.
Aggregation continued into the serotonin release phase
characteristic of platelet degranulation. The amount of
serotonin released from prelabeled platelets never exceeded
70% of that initially imbibed by the cells. Release of
serotonin from platelets was a nonlytic event, since the level
of lactic acid dehydrogenase in the plasma-platelet-bacterial
mixture remained constant during the release reaction. This
is evidence that the complement system does not participate
in the fusobacterium-platelet system even though these
bacteria are known to have a potent lipopolysaccharide (27).
The inhibition of fusobacterium-stimulated platelet ag-

gregation by EDTA emphasizes the known calcium depend-
ence of the reaction and separates it from other cell-cell
adhesive phenomena (38). Inhibition by dipyridamole is of
interest because it interferes indirectly with the role of Ca2+
in platelet aggregation. Dipyridamole, by inhibiting
phosphodiesterase, prevents the breakdown of cyclic AMP.
Increases in cyclic AMP stimulate the removal of Ca2+
needed for aggregation (30). Based on inhibition by aspirin,
the response of platelets to fusobacteria can be added to

those systems associated with the cyclooxygenation of
arachidonic acid. The ability of quinacrine, another
cyclooxygenase inhibitor, to restrict platelet aggregation
supports the data from the aspirin experiments. The ad-
ditional inhibition of the platelet aggregation and release
reaction by imipramine may be due to the action of this
compound on membrane stability (23, 24).
To claim platelet aggregation as a virulence property, it

would be optimal to demonstrate activity in all A-type
strains. The failure to observe a platelet effect with 3 of these
16 strains may be explained by several means, e.g., loss of
this capacity in culture or failure to observe for aggregating
activity for a period longer than 5.5 min, the arbitrary time
limit. Certainly the failure of any B or the AB biotype to
activate platelets is interesting. The ability of pathogenic
strains of F. necrophorum to protect themselves against host
defense properties by creating fibrin-encapsulated abscesses
could easily involve platelets. The importance of platelet
aggregation and granule release in fibrinogen-fibrin conver-
sion and other, perhaps only local, disturbances of the blood
coagulation system is well known (33), and the data pre-
sented here show that virulent strains of F. necrophorum can
activate the platelet system.

Septic thrombophlebitis with a gram-negative anaerobic
bacterial etiology has been associated with human tonsillitis,
pharyngitis, otitis media, septic abortion, and other condi-
tions. These bacteria may be important also in fever of
undetermined origin because of their propensity to produce
septic thrombophlebitis (10). Biotyping of human isolates of
Fusobacterium necrophorum by schemes appropriate to
isolate from lower animals has not been successful (J. N.
Berg, unpublished data), but determination of their virulence
potential should now include their effect on blood platelets.
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